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Sir: 

I, Dr Anna Maria Zanellato of Fidia farmaceutici SpA, Italy, do hereby declare the 
following: 

I have attached a copy of my curriculum vitae to this Declaration. 

I am working as Scientific Assistant to the Patent Deparment and I have worked 
in the field of cellular biology for 13 years. 

I am familiar with the above referenced patent application, as well as the 
development, usages and properties of hyaluronic acid biomaterials. 

I have read and understand the subject matter of the Office Action of June 18, 

2007. 
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The following comments are offered in support of the patentability of the instant 
invention. 

In the Office Action of June 18, 2007 the Examiner states "...Huang had taught 
that the efficacy of the product is a function of viscosity and degree of crosslinking." 
Unfortunately, the Examiner is wrong. 

At column 4, lines 3-5 Huang teaches that the most preferred crosslinked 
gel to prevent the adhesions will be in the viscosity range of from 2,500 cps (i.e. 2.5 
Pa*s) to 100,000 cps (i.e. 100 Pa*s). The instant application claims a gel with at least 
200 Pa*s or, using Huang's units, 200,000 cps. On page 5, Example 1-b uses HA 
crosslinked gel with 88,600 cps of viscosity (i.e. 88.6 Pa*s) in the testing protocol. 
Examples 2 and 4 use gels with 60,200 cps (60.2 Pa*s). Example 5 teaches that "a 
clear trend towards improved efficacy with increasing crosslinking density [i.e. degree of 
crosslinking] was observed in ... Table 4" (column 11, lines 32-34). In fact, Table 4 
shows that 20% adhesions are produced from a gel with 1% degree of crosslinking and 
1570 cps (i.e. 1.57 Pa*s) of viscosity while a gel having a 5% degree of crosslinking and 
2560 cps (2.56 Pa*s) viscosity gives 62% adhesions. Therefore, these data teach that 
the % of adhesions is independent of a gel's viscosity. 

This aspect is clarified in Table 6 where it is evident how a gel with a 25% degree 
of crosslinking with a viscosity of 7660 cps (7.66 Pa*s) gives 49% adhesions while the 
gel with the same % of crosslinking but greater viscosity generates 91% adhesions. In 
addition, Table 6 shows that fewer adhesions (27%) are produced by a gel with 50% 
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crosslinking and 8840 cps (8.84 Pa*s) whereas the gel with the higher viscosity 
(146,000 cps or 146 Pa*s) gives only 49% adhesions. 

This evidence is supported by Huang's conclusions where he affirms in column 
11, lines 41+ that the efficacy of HA increases with the crosslinking density, i.e. the 
degree of crosslinking. Therefore, this reference teaches away from a product's efficacy 
of adhesion prevention being determined by viscosity : Huang actually teaches the 
contrary - that viscosity data are irrelevant to prevent tissue adhesions. Consequently, 
the Examiner's statement that the data disclosed in the Specification which shows that 
the ability of the instant product to prevent adhesions with increases with viscosity is not 
unexpected results but is "exactly consistent with what is known in the art and does not 
appear to be unexpected" in a wrong conclusion. 

Similarly, the Examiner's statement that the art teaches how to prepare a product 
for optimal anti-adhesion properties (page 5 of the current Office Action, lines 6-7 is 
incorrect. As just discussed, Huang teaches that only the degree of crosslinking matters 
and Delia Valle teaches only the preparation of a 5% HA crosslinked gel, i.e. there is no 
discussion viscosity. It is only in Study 8 presented in the instant application that the role 
of viscosity in adhesion prevention is determined. 

Thus, the combination of the Delia Valle reference, the Malson reference and the 
Huang reference, with or without any of the other cited references, do not teach the 
instant invention or suggest that viscosity is a critical feature of the invention. 

It is only in Study 8 of the current application that the viscosity associated with a 
particular degree of crosslinking is shown to be important in preventing adhesions. 
Study 8 compares the efficacy of five (5) different batches (A-E) of 5% autocrosslinked 
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hyaluronic acid ("ACP") that differ only in the viscosity associated with each batch. As 
can be seen from Tables 4 and 5 (page 56 of the current application), not all 5% ACP 
gels produced the same results. Only those with a viscosity higher than 200 Pa*sec" 1 
(see page 52) were effective in significantly reducing the numbers of adhesions. In fact, 
when the viscosity was below 200 Pa*sec" 1 , the percentage of adhesions were greater 
than untreated controls. This was an unexpected and surprising result. Our expectation 
was that viscosity would have no effect on the ability to prevent adhesions because that 
is what was taught in the prior art. Therefore, to find that viscosity was a critical factor in 
the ability of a crosslinked hyaluronic acid derivative to prevent adhesions was totally 
unexpected. 

Fidia subsequently conducted additional experiments, again using gels all of 
which had the same degree of crosslinking (see Exhibit A). Our expectation was that 
since adhesion prevention increased as crosslinking increased, adhesion prevention 
would also increase as viscosity increased. Surprisingly, this was not the case. Instead 
we found that, at least in the case of spine surgery, viscosity of 900 Pa*sec" 1 failed to 
reduce the number of adhesions, although unlike very low viscosity values the number 
of adhesions did not increase. 

In conclusion, the prior art taught nothing about the role of viscosity in the ability 
of crosslinked hyaluronic acid derivatives to prevent adhesions. It was only because of 
the experiments leading up to the claimed invention that the unexpected role of viscosity 
was determined. That is, the prior art provided no expectation that 4.5-5.0% crosslinked 
hyaluronic acid products having only particular viscosities would be advantageous for 
preventing surgical adhesions. 
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The undersigned hereby declares that all statements made herein based 
upon knowledge are true, and that all statements made based upon information and 
belief are believed to be true; and further, that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

DATED: \ B fecAoW 2«4 

Dr. Anna Maria Zanellato 
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CURRICULUM VITAE 
Anna Zanellato 



I, Anna Zanellato, being duly sworn, depose and say that: 

- I am an Italian citizen residing at Bovolenta, Padua, Italy 

- 1 am fami liar with the English language. 

I further declare that: 

- I graduated in Biology at the University of Padua in the academic year 1987 

- I am author of 19 scientific publications. 

Previous job experience: 

- From 1987 to 1990 I worked at the University Department of General Pathology as 
researcher, where I was involved in a study pertaining to smooth muscles cell cultures; 
moreover 1 studied the variations in myosin compositions that occur in situations of vascular 
pathologies such as Hypertension and Atherosclerosis. 

- In the years 1990-2001, 1 worked at Fidia farmaccutici as senior researcher and my research 
activity involved: analysis of the action mechanism of various trophic factors of the central 
nervous system; studies utilising neuronal cultures to select new, pharmacologically active, 
chemical molecules to prevent different types of neuronal pathologies; other studies 
concerning the growth and proliferation of bovine, rabbit, human, 
mesenchymal/articular/fibtoblastic cell cultures on biomateriUs. 

Current job: 

- 1 am working as Scientific Assistant to the Fidia farmaceutici , Patent Department, Ttaly. 



EXHIBIT 1 

Effect pf ACP gel in preventing epidural adhesions after spine surgery 



Materials and methods 

Twenty-four adult rats were used in this study. The animals were anesthetized by an 
intraperitoneal injection of 6% pentobarbital solution (1.5ml/ Kg). Under a surgical 
microscope, a laminectomy was performed from lumbar vertebra L5 toL6. The ligament 
flavum and epidural fat were removed, thus leaving a clean dura mater exposed for the 
full extent of laminectomy. 

Once the laminectomy site was prepared and hemostasis obtained, the animals were 
divided into four groups. 

In treatment group I (n=6) ACP gel (60mg/ml) with viscosity of 400 Pa.s (a shear rate 1 s- 
J ) was applied onto the exposed dura mater and also around the freed nerve roots. The 
deposited ACP gel filt the laminectomy defect. 

In treatment group II (n=6) ACP gel (75mg/ml) with viscosity of 800 Pa.s (a shear rate 1 
s - 1 ) was applied. 

In treatment group III (n=6) ACP gel (80mg/ml) with viscosity of 950 Pa.s (a shear rate 1 
s 1 ) was applied. 

In the control group (group IV (n=6)), no treatment was done (Untreated). 

After the above procedures, the surgical wound was closed in layers with 4-0 nylon 
sutures without further irrigation. 

The animals were carefully returned to their cages and then followed for four months. 
Clinical observation 

All animals were healthy and ambulatory without neurological deficits after surgery. 

No superficial infection was found in any rats. The skin incision had healed within 1 

week. 

Gross anatomical observation 

Four months after surgery and treatment, all rats were re-anesthetized and, under the 
surgical microscope, the initial surgical wound was re -opened. 

The facility/ difficulty of re-exposing the dura mater and the nerve roots were observed, 
and epidural adhesions were classified and described as 0° (no epidural adhesion), 1° (a 
little), 2° (moderate) and 3° (important). 
The overall resuls are illustrated in Table 1 . 

In ACP gel treated groups I and II with viscosity of 400 and 800 Pa.s, due to the adhesion 
tissue containing much less fibrosis, the adhesions from the dura mater were easily 
removed without injuring it, and, compared with the untreated control, the dense and 
thickness of the epidural adhesion tissue were much less important. 

In the ACP gel treated group III and in the untreated control group, the dura mater 
damage occurred while removing the adhesions, thus inducing a leakage of cerebro- 
spinal fluid. 

Conclusion 

ACP gels with viscosity data of 400 and 800 Pa.s are effective in the prevention /reduction 
of post surgical adhesions formation in a rat spine surgery model. 

ACP gel with viscosity data of 900 Pa.s gave the highest adhesion grade like the 
untreated control group. 



REFERENCE 1 



For U3PE 2420 F, ih« B$\$k$ 'torn tmn UiiNsd 
wM f&rn& (4) and (5) as ibqii be seen frank Fig J. 
FramiiHrioefdl m^kmt Wm^m mrnm&t >> m m cm 
fee to fr« tab'te 3 , For $ti stef m«i Bagis* preie« 
nro d&emslRcd 'wim km W wM* a* * If as 

as predicbed from cfee tasar form accoitfang (5). 
!* g»& !k corcIsM UMit pdjwisiMl cam Mmg of 
Bagl&f JioiifiXjaiw supported willt a coc^fldcml $»»^nb 
cm » f<wtJftc Ms ws*M mifttf so f^v ^srtr-l^faiks 
of Bai% funalM ia bidrs details. 

Con elusion 

Wldg speesi miac»$)e sf ma&m mpmrny timommm 

xmt Mmtfly wftmm tools lor nppwp nm wMm$ <rf 
th& vismtiif -ftmxmn sigrcifan% mmvi the :app l» 
ikm of ihcsstt rtom.€«jers for foraS star rate rtaotoigjr. 
It Is alio &mm itmt models Mm Saitifo Ytoda 
predict the NefttfoBiari pl&fccnii cm capillary d&& 

Baglef GGtrract taw* toed m fam m mm mpmmt£$- 
staid vm poiyneaiHta! it to ramies mm 
mp&mzrn <rtel«#sy pressure 



X Gkmmm&k tkm is] (Yaefuda model} 
fi t a &mcm\mte£s p&mmcm (Yasii^ model) 

a dteiskaito pmmm (Wkm^Cmt, modal) 
parwm$sr from Sjsfeia model [sj 

Hi ooeMdmiift noti4ia<iaur iBan^iey f^rxn pa} 
Pe iM^#m»ce priss«ire ffa) 

y sircar rme 6»cr l | 

inferences : 

I Ymmk $L Arnmsmg &C, Cota RE., RiifiO- 
Jo$ea Amm 163- ra t Iftftl 

2. Burnley TA, SFB pitK^rngs, ANTEQ I» 

3. Winter RE , tafrirer 'Eng. Sciimee 2% 1§D 

4. Sabia R, t I AppL Poiym T, 3W. .1903 
5< w Wi^HiO% ^^m fdra^erteapi 

capillary rtamsefry - bmad spetriMrs. ftalap - 
viscosity modds - non4iimr B%!$>" corrcc4lems 



15/10 2007 14:52 FAX 0039 049 8232697 SERVIZIO LEGALE 

n Viscosity - Wikjpedia, the free encyclopedia 

REFERENCE 2 

Your continued donations keep Wikipedia running/ 



** SVENSSON 



@005 

Page 1 of 10 



Viscosity 



ATT. i. 



From Wikipedia, the free encyclopedia 

Viscosity is a measure of the resistance of a fluid r.o deform under shear stress. It iy 
commonly perceived as "thickness", or resistance to flow. Viscosity describes a fluid's 
internal resistance to How and may be thought of as a measure of fluid friction, Thais, 
water is "thin", having a lower viscosity, while vegetable oil is "thick" having a higher 
viscosity. All real fluids (except super fluids) have some resistance to shear stress, but 
a fluid which has no resistance to shear stress is known as an Ideal fluid or inviscii 
fluid. 1 11 

When looking at a value for viscosity, the number that one most often sees is the 
coefficient of viscosity. Simply put, this quantity is the ratio between the pressure 
exerted on the surface of a fluid, in the lateral or horizontal direction, to the change in 
velocity of the fluid us you move down in the fluid (this is what is referred to as a 
velocity gradient), For example, at "room temperature", water has a nominal viscoj.ity 
of 1 .0 x 10~ 3 Pa*s and motor oil has a nominal apparent viscosity of 250 x 10" 3 Paw.^ 
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Etymology 

The word "viscosity" derives from the Latin word "viscum" for mistletoe. A viscous glue was made from mistletoe 
berries and used for lime-twigs to catch birds J 3 ' 

Newton's theory 

In general, in any flow, layers move at different velocities and 
the fluid's viscosity arises from the shear stress between the 
layers that ultimately opposes any applied force. 



Isaac Newton postulated that, for straight, parallel and uniform flow, the shear stress, t, between layers is proportional 



http://en.wikipedia.org/wikiA/iscosity 
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to the velocity gradient, duldy* in the direction perpendicular to 
the layers. 

dzi 

Here, the constant t| is known as the coefficient of viscosity, the 
viscosity, the dynamic viscosity, or the Newtonian viscosity. 
Many fluids, such as water and most gases 7 satisfy Newton's 
criterion and are known as Newtonian fluids. Non-Newtonian 
fluids exhibit a more complicated relationship between shear 
stress and velocity gradient than simple linearity. 

The relationship between the shear stress and the velocity 
gradient can also be obtained by considering two plates closely 
spaced apart at a distance v, and separated by a homogeneous 
substance. Assuming that the plates are very large, with a large- 
area A, such that edge effects may be ignored, and that the 
lower plate is fixed, let a force F be applied to the upper plate. 
If this force causes the substance between the plates to undergo 
shear flow (as opposed to just shearing elastically until the 
shear stress in the substance balances the applied force), the 
substance is called a fluid. The applied force is proportional to 
the area and velocity of the plate and inversely proportional to 
the distance between the plates. Combining these three relations 
results in the equation F = /tfAu/y), where r) is the 
proportionality factor called the absolute viscosity (with units 
Pa-s = kg/(m*s) or slugs/(ft-$)). The absolute vis cosity is al so 
known _as. the dynamic viscosity, ancF is often shortened to 
sim^^c^Y>^The equation canTie expressed iFtefmsTof 
shear stress; r - F/A = n(u/y), The rate of shear deformation is 
u I y and can be also written as a shear velocity, du/dy, Hence, 
through this method, the relation between the shear stress and 
Lhe velocity gradient can be obtained. 



y dimension 
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Laminar shear of fluid between two plates. Friction 
between the fluid and the moving boundaries causes 
the lluid tu shc: ( r, The force required for this action is a 
measure of th fluid's viscosity. This type of How is 
l.nown as a Coueue How. 




■ gradient. 



Laminar shear, Mic non-linear gradient, is a result of the 
geometry the fluid to flowing through (e.g. a pipe), 



James Clerk Maxwell called viscosity fiigitive elasticity 
because of the analogy that elastic deformation opposes shear 

stress in solids, while in viscous fluids, shear stress is opposed by rate of deformation. 

Viscosity Measurement 

Viscosity is measured with various types of viscometer, Close temperature control ?f the fluid is essential to accurate 
measurements, particularly in materials like lubricants, whose viscosity (-40 < sample temperature <0) can double 
with a change of only 5 deg. C, 



For some fluids, it is a constant over a wide range of shear rates. The fluids without a constant viscosity are called 
on-Newtonian fluids. 



One of the most common methods of measuring kinematic viscosity is using the glass capillary viscometer. 

In paint industries, viscosity is commonly measured with aZahn cup, in which the afflux time is determined and given 
to customers. The efflux time can also be converted to kinematic viscosities (cSt) through the conversion equations. 

Also used in paint, a Stormer viscometer uses load-based rotation in order to determine viscosity. Tl uses units, Krebs 
units (KU)„ unique to this viscometer, 

Vibrating viscometers can also be used to measure viscosity. These models use vibration rather than rotation to 
measure viscosity. 



Units of Measure 



bttp://en.wikipedia,org/wikiA r iscosity 
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Viscosity (dynamic/absolute viscosity) 

The TUPAC symbol For viscosity is the Greek symbol eta (rj) f and dynamic viscos ly is also commonly referred to 
using the Greek symbol mu (p.). The SI physical unit of dynamic viscosity is the piscal-second (Fa-s)', whi ch is _ 

identical to 1 kg-m" 1 ^" 1 . If a fluid with a viscosity of one Pa-s is placed between two plates, and one plate is pushed 
sideways with a shear stress of one pascal, it moves a distance equal to the thickness of the layer between the plates in ■ 
one second. 



The name poiseuiile (PI) was proposed for this unit (after Jean Louis Made Poiseu.ilic who formulated Poiseuille's law 
of viscous How), but not accepted internationally, Care must be taken in not confuting the poiseuiile with the poise 
named after the same person. 

The egs physical unit for dynamic viscosity is the pohe w (P: IP A: [pwaz])) name! after Jean Louis Marie Poiseuiile. 
Il is more commonly expressed, particularly in ASTM standards, as cemipoise (cPt The centipoise is commonly used 
because waLcr has a viscosity of 1 .0020 c? (at 20 IJ C; Lhe closeness to one is a convenient coincidence). 

j P = 1 g-cm^-s" 1 

The relation between .Poise and Pascal -second is: 

10 P= 1 kg-m" 1 -^ 1 = i Pa-s ■ 

1 cP = 0.001 Pa<s = 1 mPa-s _ 

Kinematic viscosity: v 

In many situations, we are concerned with the ratio of the viscous force to the inertial force, the latter characterised by 
the fluid density p. This ratio is characterised by the kinematic viscosity (v), defined as follows: 

n 

P 

where q is the (dynamic) viscosity, and p is the density. 

Kinematic viscosity (Greek symbol: v) has SI units (mH"" ,J ). The cgs physical unit for kinematic viscosity is the slakes 
(abbreviated S or St), named after George Gabriel Stokes. It is sometimes expressed in terms of centistokes (cS or cSt). 
In U,S, usage> stoke is sometimes used as the singular form, 

I stokes = 100 centistokes & 1 cm 2 *" 1 = 0.000] m 2 -s~ J , 
1 centistokes = 1 mm z /s 

Dynamic versus kinematic viscosity 

Conversion between kinematic and dynamic viscosity, is given by vp = tj. Note tha.. the parameters must be given in SI 
units nOtinP T cP or St. 

For example, if v = I St (=0.0001 m 2 -s" 1 ) and p~ 1000 kg m" 3 then r\ = vp = 0.1 kg m" 1 -s" ! - 0. 1 Pa s. 
Aplot of the kinematic viscosuy of air as a function of absolute temperature is available on the Internet.^ 

Molecular origins 

The viscosity of a system is determined by how molecules constituting the 
system interact. There arc no simple but correct expressions for the 

viscosity of a fluid- The simplest exact expressions are the Green-Kubo relations for the linear shear viscosity or the 
Transient Time Correlation Function expressions derived by Evans and Morriss in 1985. Although these expressions 
are each exact in order to calculate the viscosity of a dense fluid, using these relaticns requires the use of molecular 
dynamics computer simulation. 

Gases 



http://en.wikipedia.org/wiki/Viscosity 



10/10/2007 



15/10 2007 14:53 FAX 0039 049 8232697 SERVIZIO LEGALE ■* SVENSSON El 008 

Viscosity - Wtkipedia, the free encyclopedia Page 4 of 10 



Viscosity in gases arises principally from the molecular diffusion thai 
transports momentum between layers of flow. The kinetic theory of gases 
allows accurate prediction of the behaviour of gaseous viscosity,, in 
particular that, within the regime where the theory is applicable: 

b Viscosity is independent of pressure( except in the high pressure and 

very low pressure under atmospheric pressure); arid 
a Viscosity increases as temperature increases, 

Effect of temperature on the viscosity of a gas 

The Sutherland's formula can be used to derive the dynamic viscosity of 
an ideal gas as a function of the temperature: 



% I C { T 

T-i ( 



2(L) 



3/2 



where; 



■ r| - viscosity in (Pa-s) at input temperature T 

m r) 0 = reference viscosity in (Pa-s) at reference temperature. T {) 

m T- input temperature in kclvin 

m T {) = reference temperature in kelvin 

■ C = Sutherland's constant for the gasous material in question 




P tdi litis a viscosity approximately 100 
billion times thai of water. 



Valid for temperatures between 0 < 7< 555 K with an error due to pressure less th-an 
Sutherland's constant and reference temperature for some gases 



below 3.45 MPa 



: Gas 

aii- 
nitrogen 
oxygen 

carbon dioxide 



i [K] tK] [10-6Fas]j 
j 120:291.15 18.27 I 
fll r 300.55 i 17.81 
j 127; 292.25 j 20.1 8 
: 240'293.I5: 14.8 



carbon monoxide; 118 288.15 17.2 
hydrogen j 72 293.85 8.76 



ammonia 
sulphur dioxide 



370 = 293.15.9.82 
416:293.65:12.54 



Viscosity of a dilute gas 

The Chapman-Ens kog equation^ may be used to estimate viscosity for a dilute g&;, This equation is based on semi- 
theorethical assumption by Chapman and Enskoq. The equation requires three empirically determined parameters: the 
collision diameter (o), the maximum energy of attraction divided by the Boltzman constant (e/K) and the collision 
integral (co(T*)). 



M/2 



mxlO 1 - 266.93——^ ; T*= k r/s 



8 r) 0 = viscosity for dilute gas (uP) 

* M= molecular weight (kg/m A 3) 

* T= temperature (K) 

h a - the collision diameter (A) 



h ttp: //en . wi kipedi a. Org/wiki/ Vi scosi ty 
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■ e / k = the maximum energy of attraction divided by the Boltzman constant K) 
a co^ = the collision integral 

a T * = reduced temperature (K) 
Liquids 

In liquids, me additional forces between molecules become important This leads t j an additional contribution to the 
shear stress though the exact mechanics of this are still controversial Thus, in liquids: 

a Viscosity is independent of pressure (except at very high pressure); and 

a Viscosity tends to fall as temperature increases (for example, water viscosity goes from 1 .79 cP to 0,28 cP in the 
temperature range from 0 °C to 100 °C); see temperature dependence of liquid viscosity for more details. 

The dynamic viscosities of liquids are typically several orders of magnitude highei than dynamic viscosities of gases. 

Viscosity blending of liquids 

The viscosity blending of two or more liquids having different, viscosities is a three -step procedure. The l ir^-i step is to 
calculate the Viscosity Blending Index (VB.f) of each component of the blend using the following equation (known a* 
a Refutas equation); f 7 ^ 8 - 1 

( 1 ) VBN = 14,534 x ln[In(v + 0.8)] + 1 0.975 

where v is (he viscosity in cendstokes (eSt) and In is the natural logarithm (Log e ). t is important thai the viscosity of 
each component of the blend be obtained at the same temperature. 

The next step is to calculate the VBN of the blend, using this equation: 

(2) VBN Blend * [w A x VBN A ] + [w B * VBNjj] + ... + [w x x VBN x ] 
where w is tlie weight Traction (i.e., % ■f 100) of each component of the blend. 

Once the viscosity blending number of a blend has been calculated using equation -2), the final step is to determine the 
viscosity of the blend by using the invert of equation (1 ): 

(VBN - 10.975) -f 14.534 

(3) v = e e -0.8 

where VBN is the viscosity blending number of the blend and e is the transcendent*! number 2.7 J 828, also known as 
Euler's number, 

Viscosity of materials 

The viscosity of air and water are by far the two most important materials for aviation aerodynamics and shipping 
fluid dynamics. Temperature plays the main role in determining viscosity. 

Viscosity of air 

The viscosity of air depends mostly on the temperature, At 15.0 Q C, the viscosity of air is 1.78 x 10~ 5 kg/(m-s), You 
can get the viscosity of air as a function of altitude from the eXtreme High Altitude Calculator 

Viscosity of water 

The viscosity of water is 8,90 x 10~ 4 Pa«s or 8.90 x 1 0~ 3 dyn-s/cm 2 at about 25 °C. 
As a Function of temperature T(K): ^(Pa-s) = Ax )0 U/{T ~ C) 
where A=2.414 x 10~ 5 Pas ; B ~ 247.8 K ; and C = 140 K. 

Viscosity of various materials 

Some dynamic viscosities of Newtonian fluids are lijsted below: 
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Gases (at0°C): 



i viscosity 

; j 
| [P^S] j 

hydrogen ' 8 ,4 x 10" 6 ; 
air 17,4 x UF e i 

xenon 21,2 * ICr 6 , 

Liquids (at 25 °C): 



viscosity 
[Pa-s] 

liquid nitrogen @ 77K 0.158 x J0" 3 j0.158 
. acetone* : : 0.306 x ](T 3 0306 



viscosity 
[cP] 




; methanol >[t 
! benzene* 
ethanol* 
water 



10.544 x 10" 3 1 0.544 



\ 0.604 x lO" 3 : 0.604 
:! 1.074 x IO™ 3 ' 1.074 



Example yrihe viscosity of milk 
and water. Liquids with higher 
vi.sLwkics will not make such p 
splash when poured at the same 
velocity. 



i 0,894 x 10" 3 : 0-894 



mercury* 

nitrobenzene* 

propanol* 

sulfuric acid * 

olive oil 

glycerol* 

castor oil 
[ HPO-3S0 
■pitch 



1.526 xlO"" 3 ; ! -526 
jj.863 x J0" 3; 1.863 
; 1.945 x 10" 3 1.945 
124,2 xlO -3 !24.2 
LoSl |8l" 
i.934 1934 
:985xJ0" 3 :9S5 
•2 022 ;2022 



|2.3x 10 8 |2,3 x 10 11 

* Data from CRC Handbook of Chemistry and Physics, 73 rd edition, 1992-1993. 
Fluids with variable compositions* such as honey, can have a wide range of viscosi Jes. 
A more complete table can be found here, including the following: 

viscosity 

: " j 

: [cp] | 

honey 2,000-10,000 j 

molasses 5,000-10,000 \ 

molten glass 10,000-1,000,000 j 
chocolate syrup j i.0,000-25,000 



145,000-130,000 LI J 



-I- 



! chocolate 

[ ketchup* 1 50,000- J 00 7 000 

Ipeanut butter -250,000 

shortening* j -250,000 



* These materials are highly non-Newtonian. 



hup ://en , wikipedi a. org/wiki/ Viscosi ty 



10/10/2007 



2007 14:53 FAX 0039 049 8232697 SERVIZIO LEGALE 

Viscosity - Wikipedia, the free encyclopedia 



■* SVENSSON B011 
Page 7 of 10 



Viscosity of solids 

On the basis that all solids flow to a small extent in response to shear stress some researchers' 9 In 01 have contended 
that substances known as amorphous solids, such as glass and many polymers, may he considered to have viscosity. 

This has led some to the view that solids are simply liquids with a very high viscosity, typically greater than I0 12 Pa*s. 
This position is often adopted by supporters of the widely held misconception that glass flow can be observed in old 

buildings. This distortion is more likely the result, of glass making process rather tl' an the viscosity of glass. 1 1 ! 1 

However, others argue that solids are, in general, elastic for small stresses while fluids are notj 1 ^ Even if solids How 
at higher stresses, they are characterized by their low-stress behavior. Viscosity m? y be an appropriate characteristic 
for solids in aplastic regime. The situation becomes somewhat confused as the term viscosity is sometimes used For 
solid material^ for example Maxwell materials, to describe the relationship betwee n stress and the rate of change of 
strain, rather than rate of shear. 

These distinctions may be largely resolved by considering the constitutive equations of the material in question, which 
take into account both its viscous and elastic behaviors. Materials for which both U-.eir viscosity and their elasticity are 
important in a particular range of del'orrnp.tion :mk: d formation rate arc called visccelasiic. In geology, earth materials 
that exhibit viscous deformation at: least three tunes greater than their elastic deformation are sometimes catted meids, 



Bulk viscosity 

The negative-one- third of the trace of the stress tensor is often identified with the thermodynamic pressure, 

which only depends upon the equilibrium state potentials like temperature and density (equation of state). In general, 
the trace of the stress tensor is the sum of thermodynamic pressure contribution plus another contribution which is 
proportional to the divergence of the velocity field. This constant of proportionality is called the bulk viscosity. 

Eddy viscosity 

In the study of turbulence in fluids, a common practical strategy for calculation is to ignore the small-scale vortices (or 
eddies 1 ) in the motion and to calculate a large-scale motion with an eddy viscosity tl at characterizes the transport and 
dissipation of energy in the smaller-scale flow (see large eddy simulation). Values >f eddy viscosity used in modeling 
ocean circulation may be from 5x1. 0 4 to 10 6 Pa-s depending upon the resolution of .he numerical grid. 

Fluidity 

The reciprocal of viscosity is fluidity, usually symbolized by cp = I / r; or F - \ I r|> Jepcnding on the convention used, 
measured in reciprocal poise (cm-s-g -1 ), sometimes called the rhe t Fluidity is seldom used in engineering practice. 

The concept of fluidity can be used to determine the viscosity of an idea] solution, For two components & and /?, the 
fluidity when a and b are mixed is 

which is only slightly simpler than the equivalent equation in terms of viscosity: 
1 



77: 



where % a and % b is the mole fraction of component a and b respectively, and r\ n and r^ are the components pure 
viscosities. 

The linear viscous stress tensor 
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(See Haoke's law and strain tensor for an analogous development for linearly elas ie materials.) 

Viscous forces in a fluid are a function of the rate at which the fluid velocity is changing over distance. The velocity ai. 
any point r is specified by the velocity field v(r). The velocity at a small distance; dr from point r may be written as 
a Taylor series: 

v(r I- dr) v(r) f ••(■ . . . 

dv 

where ™ is shorthand for Che dyadic product of the del operator and the velocity: 

Qv x iter ~ 
Ou ih 

This is just the Jacobian of die velocity field. Viscous forces are the result of relative motion between elements of the 
fluid, and so are expressible as a function of the velocity field. In other words, the drees at r are a function oF v(r) 
and all derivatives of v(r) at that point. In the case of linear viscosity, the viscous force will be a function of the 
Jacobian tensor alone. For almost all practical situations, the linear approximation s sufficient. 

If we represent a% v, and z by indices 1 , 2, and 3 respectively, the ij component of the Jacobian may be written as 
djl'j where 8i is shorthand for d/dXj,. Note that when the first and higher derivative terms are zero, the velocity of 
all fluid elements is parallel* and there are no viscous forces. 

Any matrix may be written as the sum of an antisymmetric matrix and a symmetric matrix, and this decomposition is 
independent of coordinate system, and so has physical significance. The velocity field may be approximated as: 

Vi(T f dr) = Vfir) 4- - (diVj - d :} Ui) dti + ^ (dkvj + (%Vi) dr 

where Einstein notation is now being used in which repeated indices in a product a*c implicitly summed. The second 
term on the left is the asymmetric part of the first derivative term, and it. represents a rigid rotation of the fluid about r 
with angular velocity o> where: 

dzvb — ■ dtfh 

dy'th - &2V\ 



dv 
dv 



■Lh>r 

fir 
ikr. 



t V XV = - 



J '"or such a rigid rotation, there is no change in the relative positions of the fluid elements, and so there is no viscous 
force associated with this term. The remaining symmetric term is responsible for tfos viscous forces in the fluid. 
Assuming the fluid is isotropic (i.e. its properties are the same in all directions), then the most general way Lhat the 
symmetric term (the rate-oi -strain tensor) can be broken down in a coordinate-inde pendent (and therefore physically 
real) way is as the sum of a constant tensor (the rate-of -expansion tensor) and a tratclcss symmetric tensor (the rate-of- 
shear tensor): 



where S» is the unit tensor, The most general linear relationship between the stress 1 ensor <J and the rate-of-strain 
tensor is then a linear combination of these two tensors: 1 131 

where C, is the coefficient of bulk viscosity (or "second viscosity") and rj is the coefl Icient of (shear) viscosity. 



http://en.wikipedia.org/vvi.ki/Viscosity 



10/10/2007 



15/10 2007 14:54 FAX 0039 049 8232697 SERVIZIO LEGALE 

Viscosity - Wikipedia, the free encyclopedia 



■+ SVENSSON 



H013 

Page 9 of 10 



The forces in the fluid are due to the velocities of the individual molecules. The velocity of a molecule may be thought 
of i:he sum of the fluid velocity mid the thermal velocity, The viscous stress tensor described above gives the force 
due to the fluid velocity only. The force on an area element in the fluid due to the thermal velocities of the molecules 
is just the hydrostatic pressure. This pressure term (p&.j) must be added to the viscous stress tensor to obtain the total 
stress tensor for the fluid. 

The infinitesimal force dF . on an infinitesimal area dA { is then given by the usual relationship: 

dFj &ijdA } 
See also 

m Deborah number 

m Dikiiam 

» Hypen' .iscoMuy syndrome 

■ Rheology 

■ Thixotropy 

■ Viscometer 
a Viscometry 

b Viscosity index 
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Brookfield Engineering - Glossary section on Viscosity Terms Page 1 of 4 

REFERENCE 4 

Home > Education > Learn About Viscosity > Viscosity Glossary 

Viscosity Glossary 

3A 

a US industrial standard for process equipment design; required certification for ciean-in-place 
capability. 

Absolute Viscosity 

the viscosity value associated with a Newtonian material 
ASTM 

American Society of Testing and Materials. United States organization responsible for establishing 

test standards, .... . . ... .. „ 

Whv Measure Viscosity? 

Autorange Wh y Brqokfield? 

feature on standard Brookfield digital Viscometers/Rheometers which provides maximum viscosity Q uest i ons 
value that can be measured using a specific spindle at a designed rpm. Help Me Choose 

bob Glsstaa 
spindle used with PVS Rheometer; 

also referred to as "bob/stater" because It does not rotate on this instrument. The sample cup 
rotates instead, causing the shearing action, 

°C 

a scientific unit of measurement for temperature; expressed as "degrees Celsius" or "degrees 
Centigrade." 

Centipoise 

a unit of measurement in the cgs system for viscosity; abbreviated cP. 
Comm Port 

the communications channel on a PC/computer via which data is transmitted. 
Concentric Cylinder 

a cylinder within a cylinder. For viscosity measurement, a cylindrical spindle rotates within a 
cylindrical chamber. Also known as "Coaxial Cylinder" because both cylinders have the same center 
line. 

Cone Spindle 

an almost flat circular spindle which has a small angle relative to the cup or plate on which it 
rotates. 

CP or C/P 

Brookfield terminology for cone and plate geometry. 

Cylindrical Spindle 

a spindle shaped like a cylinder. 

Disc Spindle 

a spindle having a flat circular disc near the bottom of the rod. The shape of the disc spindle 
makes the calculation of Shear Rate an approximation or average across the surface of the disc. 

DIN 

Deutsche Industrie Normung, German organization responsible for establishing test standards; 
similar to ASTM in United States. 

dyneocm 

a unit of measurement for torque. 

op 

a scientific unit of measurement for temperature; expressed as "degrees Fahrenheit." 
Fluid Ounce 

a scientific unit of measurement for volume; abbreviated as 02, 
Footprint 

the bench space or area required for an item of equipment. 
Gallon 

a scientific unit of measurement for volume; abbreviated as gal. 
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Gap 

the distance between the spindle and the chamber or cup in which the spindle is rotating. 
Gram 

a scientific unit of measurement for weight; abbreviated as gm. 
Guard Leg 

the protective bracket for spindies supplied with standard Brookfield LV and RV 
Viscometers/Rheometers. 

HA 

Brookfield torque range appropriate for measuring medium to high viscosity materials. 
100% torque = 14,374 dyneocm. 

HB 

Brookfield torque range appropriate for measuring high viscosity materials. 
100% torque - 57,496 dyneocm, 

5xHB 

Brookfield torque range appropriate for measuring "very" high viscosity materials, 

Five times that of HB. 

100% torque = 287,480 dyneocm. 

Hz 

unit of measurement for frequency; expressed as "Hertz" or "cycles per second," 
In-line 

process viscometer placement, in a pipe. 
KREBS Unit 

a unit of viscosity measurement obtained when using a KREBS spindle rotating at 200 RPM; 
commonly used in the paint and coatings industry. 

LCD 

liquid crystal display 
LED 

light emitting diode display 
Liter 

a scientific unit of measurement for volume; abbreviated as L 
LV 

Brookfield torque range appropriate for measuring low viscosity materials. 
100% torque ~ 673.7 dyneocm, 

mA 

a scientific unit of measurement for current, flow; expressed as "milllamp." 
milli Liter 

a scientific unit of measurement for volume; abbreviated as ml. 
micro Liter 

a scientific unit of measurement for volume; abbreviated as mL. 
milli-Pascal seconds 

a unit of measurement, for viscosity; abbreviated as mPaos. 
NIST 

National Institute of Standards and Technology. US Government organization responsible for test 
standards. 

Newtonian 

a material whose viscosity value is the same at all shear rates. 
Non-Newtonian 

a material whose viscosity changes as shear rate changes. 
On-line 

use of a process viscometer to provide continuous viscosity measurement of a material during 
processing. 

PC 

persona! computer. 
PH 
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positive hydrogen ion index. Characterizes degree of acidity or alkalinity in a material. 
Pint 

a unit of measurement for volume; abbreviated as pt. 
Plate Spindle 

a flat circular spindle used to measure vlsco-elastic materials or materials containing particulate 
matter. 

Pneumatic 

air operated 

Poise 

a unit of measurement for viscosity; abbreviated as P. 
PP 

Brookfield terminology for plate and plate geometry. 
Relative Viscosity 

the viscosity value of a non-Newtonian material at a defined shear rate. 
Rheology 

the science which studies the deformation and flow of materials. 
Rheometer 

an instrument that measures the flow behavior of materials. 
RPM 

rotations per minute; a unit of measurement for spindle speed. 
RS-232 

data transfer protocol in the computer industry. 
RTD 

resistance thermal detector; type of sensor for measuring temperature 
RV 

Brookfield torque range appropriate for measuring medium viscosity materials. 
100% torque = 7,187 dyneocm. 

sec" 1 

the scientific unit of measurement for shear rate; expressed as "reciprocal seconds" or "inverse 
seconds." 

Shear Rate 

the velocity gradient in a flowing material; the shape and rotational speed of the spindle rotating in 
a chamber or cup are used to calculate shear rate. 

Shear Stress 

the force per unit area used to move a materia!. 
Spindle Geometry 

the shape of a spindle. Brookfield spindles supplied with standard Viscometers/Rheometers (Dial 
Reading, DV~E, DV-I+, DV-II+Pro, DV-III+) are disc type. Other choices include Cylindrical, Cone, 
Plate, KREBS, etc. 

Time to stop 

Brookfield test procedure in DV-I+- and DV-II+ Viscometers which measures the viscosity of a 
material after a specified time interval. 

Time to torque 

Brookfield test procedure in DV- J f and DV-II-h Viscometers which measures the time interval 
required to reach a specified torque value. 

Torque Range 

the torque measurement capability of a Brookfield Viscometer/Rheometer measured in dyneocm; 
designations such as LV, RV, HA or MB are used to define the Torque Range for a specific 
instrument. 

Torque % 

the amount of torque resistance measured by a rotating spindle immersed in a material. 
Volt 

unit of measurement for voltage unless otherwise indicated; abbreviated as V. 
Viscometer 
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an instrument that measures the viscosity of materials. 
Viscosity 

the resistance of a material to flow, 
Viscosity shear stress/shear rate 

Viscosity Range 

the operating range of a Brookfield instrument using the spindle(s) identified. 
Yield Stress 

the amount of force required to cause a material to flow. 

CONVERSION TABLES 

Viscosity 

1 cP = 1 mPa«s 

1 P - 1.00 cP 

1 Pas - 1,000 mPa-s 

Sample Volume 

1 L - 1000 ml 
1 mL - 1000 ml 
1 gal a 8 pt. « 3.7 L 
1 pt ~ 16 oz> 

Torque Range 

LV = 673,7 dyneocm 
RV « 7,187 dyneocm 
HA ~ 1.4/374 dyneocm 
HB ~ 57,496 dyneocm 
SxHB » 287/480 dyneocm 

Temperature 

°C » 5/9 (°F-32) 

Please refer to Brookfiekl's publication 

"More Solutions to Sticky Problems" for a detailed explanation of viscosity and Brookfield methodology for making 
measurements. 
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Web Ima ges Video News Maps Gmail more w 
Goog le 

Pa*sec-1 



Sign in 



Search 



Advanced Search 
Preferences 



Web Results 1 - 10 of about 1,070,000 for Pa*sec-1. (0.36 seconds) 




pascal * sec(-1) = 1.85081572 pascals 



More about calculator. 



Opinion #6187 

278, or six members as set forth in 1953 PA 232, Sec. 1? ... The obvious conflict between 
1953 PA 232, Sec. 1, supra, and 1965 PA 380, Sec. ... 

www.ag.state.mi.us/opinion/datafiles/1980s/op06187.htm - 10k - Cached - Si milar pag es 
O pinion #6475 

See, 1976 PA 253, Sees. 1 and 22 ($360000); 1977 PA 100, Sec. 1 ($500000); 1978 PA 
399, Sec. 1 ($540000); 1979 PA 109, Sec. 1 ($640000); 1980 PA 361, Sec. ... 

www.ag. state. mi. us/opinion/datafiles/1980s/op06475,htm - 9k - Cached - Similar pages 
[ More results from www.aq.state.mi.us ] 

[pdf] Hubert H 

File Format: PDF/Adobe Acrobat - View as HTML 

PA 5002 (Sec. 1): INTRODUCTION TO POLICY ANALYSIS I. Fall 2005, September 12 - 
October 24. Mondays 6:00 - 8:30 pm. HHH Center 15-1.5 credits. Instructor: ... 

www.hhh.umn.edu/img/assets/13910/pdf pa5002-1.pdf - Similar pag es 

Sec. 1-205.htm 

(Formerly Sec. 1-21j). Freedom of Information Commission. ... (PA 75-342, §15; PA 77-609 
§7; PA 77-614, §73; PA 78-280, §8; PA 78-315, §3; PA 79-560, §1; ... 

www.state.ctus/foi/2006FOIA/Sec.%201-205.htm - 9k - Cached - Similar pages 

Sec. 1-1e. Savings clause. - Connecticut Sec, 1-1e. Savings clause ... 
Sec. 1-1e. Savings clause. Nothing in sections 1-1d, 3-94b to 3-94e, ... 17-295a which was 
repealed by the same act; PA 90-154 deleted reference to Sec. ... 

law.justia.com/connecticut/codes/title1/sec1-1e.html - 1 1k - Cached - Similar pages 

Sec. 1-226. (Formerly Sec. 1-21a). Recording, broadcasting or ... 

(c); PA 74-183 changed "circuit court" to "court of common pleas" and "circuit" to "county 

or ... PA 78-280 deleted "county"; Sec. 1-21 a transferred to Sec. ... 

lawJustia.com/connecticut/codes/title1/sec1-226.html - 15k - Cached - Similar pages 
[ More results from law.justia.com ] 

Pocono Mountain Lake Estates Sec. 1-4 - Bushkill, PA 18324 

Home Search by Region Quick Search About Us Contact Us. SubdivisionlNFO.com > 

Bushkill, PA > 18324 > Pocono Mountain Lake Estates Sec. 1-4 > Home ... 

www.subdivisioninfo.com/SubdivisionDetails.aspx? 

Subdivisions 063&CT=Tobyhanna&ST=PA&MXSR=25... - 70k - Cached - Similar pages 

Anarcho Capitalist: Pa 5912 Sec.1 Boyte Course Packet 

Pa 5890 Sec.3 Atwood Course Packet | Main | Reveille For Radicals ». Pa 5912 Sec.1 

Boyte Course Packet, et al. $34.70. Posted by Graham Lampa on January 23, ... 

blog.lib.umn.edu/lampa005/bookmarket/2007/01/pa_5912_sec1_boyte_course_pack.html - 
8k - Cached - Similar pages 
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